We present CS(7-6) line maps toward the central parsec of the Galactic Center (GC), conducted with the Atacama Large Millimeter/submillimeter Array (ALMA). The primary goal is to find and characterize the gas structure in the inner cavity of the circumnuclear disk (CND) in high resolution (1.3 ′′ =0.05 pc). Our large field-of-view mosaic maps -combining interferometric and single-dish data that recover extended emission -provide a first homogeneous look to resolve and link the molecular streamers in the CND with the neutral nuclear filaments newly detected within the central cavity of the CND. We find that the nuclear filaments are rotating with Keplerian velocities in a nearly face-on orbit with an inclination angle of ∼ 10 • − 20 • (radius ≤ 0.5 pc). This is in contrast to the CND which is highly inclined at ∼ 65 • − 80 • (radius ∼2-5 pc). Our analysis suggests a highly warped structure from the CND to the nuclear filaments. This result may hint that the nuclear filaments and the CND were created by different external clouds passing by Sgr A*.
INTRODUCTION
The number of detections of circumnuclear gas in the central parsecs of supermassive black holes (SMBHs) has increased over the recent years. Studies typically find a complex morphology with streamers, spirals, and warped rings/disks (Onishi et al. 2015; Neumayer et al. 2007; Tristram et al. 2009; Espada et al. 2017; Imanishi et al. 2018; Izumi et al. 2018 ). Very often these nuclear structures are dynamically decoupled from the large-scale structures. The clearest detections, due to its proximity, are in the molecular torus around the Galactic Center (GC), called the circumnuclear disk/ring (CND or CNR) (e.g., Guesten et al. 1987; Serabyn et al. 1989; Lau et al. 2013; Montero-Castaño et al. 2009; Martín et al. 2012; Liu et al. 2012; Requena-Torres et al. 2012; Mills et al. 2013; Hsieh et al. 2017; Tsuboi et al. 2018) . The CND, with a radius from 2 to 5 pc, is rotating with respect to the SMBH, Srg A*. Embedded within the CND are the ionized gas streamers called SgrA West (minispiral) (e.g., Zhao et al. 2009 ). Being the closest molecular reservoir in the GC, the CND is critical in the understanding of the feeding of the nucleus (Ho et al. 1991) .
One possible scenario for the formation of the CND involves tidal stripping. In such a scenario a nearby molecular cloud within the Roche radius of Sgr A* is stripped and moves inward to settle down into the CND due to partial conservation of angular momentum (Sanders 1998; Vollmer & Duschl 2002; Mapelli & Trani 2016) . The "tidal debris" is observed as multiple streamers in the dense molecular gas (Liu et al. 2012; Takekawa et al. 2017; Hsieh et al. 2017) . These streamers show a signature of rotation and inward radial motion with progressively higher velocities as the gas approaches the CND and finally end up corotating with the CND.
These results from our team might suggest a possible schematic of the formation of the CND (Hsieh et al. 2017 (Hsieh et al. , 2018 . With the high angular resolution and sensitivity of ALMA, we are able to ask the next question: "Is the molecular inflow able to be channeled past the CND?" Using early ALMA observations, Moser et al. (2017) presented the detection of molecular gas within 0.5 pc of Sgr A* (called the central association in their paper), which is physically located in the inner cavity of the CND with a higher excitation condition than the CND (Herrnstein & Ho 2002) . This central association is proposed to link Sgr A* with the northeastern part of the CND, or the OH streamer southeast of the CND (Karlsson et al. 2015) . The analysis in Moser et al. (2017) is limited by the small field-of-view of the data and the absence of the ALMA total power array. In order to probe whether the infall process is ongoing from the CND to well within the central pc of Sgr A*, we present in this paper mosaic maps over the central 3 ′ by utilizing all possible UV sampling with ALMA. By using a high-density tracer, we are able to follow the kinematics of this central region all the way starting from the CND.
ALMA OBSERVATIONS AND DATA REDUCTION
ALMA observations toward the central 3 ′ of the GC were carried out using 43 12-m antennas (project code: 2017.1.00040.S) and the total-power array. We observed several lines and transitions among which the results for CS (7-6) (f rest =342.882 GHz) are reported in this paper. The default channel width of the spectral windows was 244.141 kHz. The observations consisted of four 150pointing mosaic maps to cover the central 3 ′ region. Calibration of the raw visibilities was performed with the pipeline and manual reduction script for the cycle-5 data 16, 0.7, 1.2, 2.7, 6.5, 36.6 Jy beam −1 . The location of Sgr A* is labeled with a cross. The circle shows a diameter of 0.5 pc. The nuclear filaments are located within this circle. The resolution shown in the map is the original resolution of 0.8 ′′ for the CS(7-6) data. Lower left panel: Integrated intensity map (MOM0) of CS(7-6). The CS(7-6) contours are 1. 5, 3, 5, 7, 9, 15, 30, 45, 60 Jy beam −1 km s −1 . Lower right panel: intensity-weighted velocity map (MOM1) of CS(7-6). A smoothed beam of 1.3 ′′ (= 0.05 pc), shown as red dot, is used to enhance the extended emission connecting the CND and the nuclear filaments.
in Common Astronomy Software Applications (CASA v5.1.1-5). To recover the zero-spacing in the interferometric data, we combined the 12 m, 7 m, and single-dish data. The CASA tasks Tclean and Feather were used to deconvolve and merge the interferometric and singledish maps. The task Mstrasform was used to subtract the continuum emission. We processed the four individual mosaics separately, and combined them into one map. We used the Briggs robust parameter of 0.5. The image cubes were made at a velocity resolution of 2 km s −1 to enhance the signal-to-noise ratio. The native resolution of the CS(7-6) map is 0.8 ′′ . To reveal the extended emission in the inner edge of the CND, we smoothed the maps to 1.3 ′′ (= 0.05 pc). The noise level is 11 mJy of the smoothed map. In this paper, we present the analy-sis on the central 5 pc of the GC. The results from the additional lines and transitions will be presented in a forthcoming paper. Figure 1 displays the integrated CS(7-6) intensity maps (MOM0) in the inner region of the CND. The detection of molecular gas within a projected diameter of 0.5 pc around Sgr A* is called the central association in Moser et al. (2017) . This central association extends mostly along a north-south orientation, centered on Sgr A*. This extended molecular gas/emission appears to consist of a few clumps or filaments. Because of their filamentary morphology apparently connecting to the CND, we call them nuclear filaments in this paper. The emission from the northern nuclear filaments is stronger than from the southern nuclear filaments. The lengths and widths of these filamentary structures are ∼ 0.2 pc ×0.1 pc. In general, the CS(7-6) line morphology is similar to the CS(5-4) in Moser et al. (2017) . However, our wide-field map combining interferometric and single-dish data recovers the extended emission, especially in the inner edge of the CND. This newly detected structural connection of the CND with the nuclear filaments appears clearer and more robust than in previous maps (Moser et al. 2017; Tsuboi et al. 2018) . Moreover, the high-excitation CS(7-6) line also better discriminates against lower-excitation material and reveals the nuclear filaments more clearly than in CO(3-2) (Goicoechea et al. 2018) . In order to enhance the extended emission, we smooth the CS(7-6) data to 1.3 ′′ . In what follows, we analyze the smoothed data.
RESULTS
In Figure 1 we also show the intensity-weighted velocity map (MOM1) of CS(7-6). Although the kinematics of the sub-structures in this region are complicated, the CND and the nuclear filaments are overall dominated by rotation, from blueshifted (southeast) to redshifted (northwest), which indicates that the nuclear filaments are rotating about Sgr A* in the same sense as the CND 1 .
Since the MOM1 map indicates a rotating motion of the nuclear filaments, for a more quantitative analysis, we generate Keplerian rotation curves, and overlay them on the phase plots with the CS(7-6) data in Figure 2 . Our goals here are to investigate whether the nuclear filaments are gravitationally bound by the central mass concentration and whether they originate from the CND. The CND can be described by three distinct rotating structures with circular orbits (Martín et al. 2012) . Therefore, we start this analysis with the simplest rotating ring model (e.g. Guesten et al. 1987; Jackson et al. 1993; Martín et al. 2012) . The enclosed mass M (r) is adopted from the literature (see eq. 5 in Genzel et al. 2010) to account for the total mass of the enclosed stars and Sgr A* (mass of Sgr A*= 4 × 10 6 M ⊙ ; Ghez et al. 2008) .
To probe the kinematic structures as a function of dis-1 We note that the regions filled with nuclear filaments are still rather small. Thus, dynamical shear (induced possibly by tidal forces) and clumps having different (non-rotating) velocities can be also be present. tance to Sgr A*, we extract data centered on Sgr A* at five intrinsic radii of 0.5 pc, 0.4 pc, 0.35 pc, 0.25 pc, and 0.15 pc. The data points at the different radii for fitting are chosen with a separation of one beam size, and can thus be considered as being independent. The free parameters with their fitting ranges are the inclination (5 • -80 • in steps of 5 • ), position angle (70 • -150 • in steps of 5 • ), and the radial velocity (0 km s −1 -120 km s −1 in steps of 10 km s −1 ). The best-fit circular orbits of the line-of-sight velocity V los determined by the mininum χ 2 (red ellipses after projection of the best-fit inclination and position angles) and phase plots are presented in Figure 2 . Overall, the nuclear filaments can be described by Keplerian rotation, which may extend from a radius of 0.5 pc, i.e., within the inner edge of the CND (radius of ∼1 pc) down to the nuclear filaments. Nevertheless, we notice that a single Keplerian rotation is unable to fit the centroids of all features simultaneously at the radii of 0.4 and 0.5 pc. The deviation from Keplerian rotation is likely caused by the inward radial velocities (90-120 km s −1 ) of E1-E3 and W1-W3. Alternatively, Figure 3 shows that the eastern and western sides at a radius of 0.4 pc can be described by pure Keplerian motions with different orbital parameters. Our analysis suggests that the inclinations vary as a function of radius from 20 • to 10 • . A higher inclination (65 • to 80 • ) is not able to explain the gross feature within the radius of 0.5 pc. This implies that the nuclear filaments (and the inner cavity of the CND) could have a face-on geometry with intrinsic velocities ≥ 300 km s −1 at a (de-projected) radius of 0.15 pc. This range of the inclination angle of the nuclear filaments is quite different from that of the CND (65 • to 80 • ; Martín et al. 2012; Hsieh et al. 2017; Goicoechea et al. 2018) if the assumption of Keplerian motion holds. Figure 4 illustrates the nuclear structures including the CND, the nuclear filaments, and the extended molecular gas that we detected. Figure 4 . Schematic of the CND, Sgr A West, the nuclear filaments, the western streamers, and the extended molecular gas (in light green) between the CND and the nuclear filaments. The red and blue colors indicate redshifted and blueshifted velocities of the northern and southern nuclear filaments with respect to Sgr A* marked by the black star, respectively. Our data suggest that the nuclear filaments and the emission within the inner CND have a face-on geometry, but the CND and western streamers are known to have higher inclinations.
DISCUSSION
Our ALMA observations successfully detect and resolve the nuclear gas within 0.5 pc of Sgr A*. With our mosaic map combined with single dish data, we find that the nuclear filaments rotate in the same sense as the CND with respect to Sgr A*. However, unlike the CND, which is largely tilted with an inclination angle between 65 • to 80 • , the spatially resolved nuclear filaments in our ALMA map indicate a low inclination angle between 10 • and 20 • , if they follow Keplerian rotation. However, we find that at radii of 0.4 and 0.5 pc not all the features in the inner edge of the CND are in pure Keplerian rotation. The deviation from circular rotation can be explained by an additional inward radial motion (90-120 km s −1 ). This radial motion may occur at several eccentric orbits in this crowded region, similarly to the mini-spiral shown in Zhao et al. (2009) . A possible constraint on eccentricity can be estimated by the ratio of tangential (V tan ) and radial velocities (V rad ) of an eccentric Keplerian orbit,
,
where e and θ are the eccentricity and the angle between the current location of the clouds and the periapsis of Sgr A*, respectively. Using V rad =120 km s −1 and V tan = 200 km s −1 (which is a rotational velocity of 68 km s −1 corrected for an inclination of 20 • ), fixing θ to a certain range of locations, we obtain e ≥ 0.6 and θ ≥ 60 • (i.e., far from the periapsis of Sgr A*) to match the V rad /V tan ratio. Similar results are obtained for the gas at r =0.4 and 0.5 pc.
The existence of multiple orbits seems very attractive because it is possible to treat the western and eastern sides (at r = 0.4 pc) as different groups of circular orbits (Figure 3) , although it is nontrivial to constrain orbital parameters for both eccentric and circular orbits. The variations of inclinations and position angles with radius suggest that nuclear filaments are progressively warped as they move inward from the CND (Figure 2) . It is already shown that the motion of the CND itself requires a bundle of non-uniformly rotating streamers of slightly different inclinations (Martín et al. 2012; Goicoechea et al. 2018) . It, nevertheless, is still intriguing that the nuclear filaments indeed are low-inclination structures and at the same time appear to extend to the inner cavity of the CND, including the "triop" cloud named by Moser et al. (2017) .
We do not see a clear connection between the features reported here and the previous reported highvelocity CO(3-2) clumps (Goicoechea et al. 2018) . The CS counterparts of the CO(3-2) high-velocity clouds are marginally detected in CS(7-6) (e.g., C3 at a deprojected radius of 0.25 pc in Figure 2 ). This might suggest that the high-velocity clouds have densities lower than the nuclear filaments. Our CS(7-6) data detect relatively denser components in this region.
Here we postulate a few possible origins of the nuclear filaments: (1) tidal leftover of an infalling cloud from the CND (Moser et al. 2017 ); (2) accretion starting from the inward radial motion in the CND (Hsieh et al. 2017) ; (3) tidal leftover of nearby clouds similar to the 50 km s −1 cloud and 20 km s −1 cloud, formed at the same epoch as the CND or at different epochs. The scenario (1) seems to be the most natural way to create the nuclear filaments because the gas densities of the CND are lower than the Roche limit. If the assumption of Keplerian motion is valid, however, it is very difficult to form a system with inclination angles so different from the CND's over a short time, unless the infalling cloud has a size comparable to the size of the CND (the dynamical time scale of the nuclear filaments is 5600 years at a radius of 0.25 pc). For scenario (2), can the CND feed gas towards Sgr A* via the nuclear filaments? The inward radial motion in the CND is about 23-50 km s −1 (Hsieh et al. 2017; Tsuboi et al. 2018) . To create the nuclear filaments with a mass of 5 M ⊙ (Moser et al. 2017) , it takes about 7800 years to accrete from 0.55 to 0.15 pc. This seems plausible because it is similar to the rotation time scale, and the clouds may have not yet been disrupted by the tidal force, although the slow accretion would likely preserve an inclination angle similar to the CND's. Furthermore, the previous estimates of radial inward motions are based on the assumption of circular orbits, and the possibility that the inward radial velocities are due to eccentric orbits cannot be excluded. An inflow velocity, amounting to a quarter of the rotational velocity, is necessary to explain the observed magnetic field configuration near the CND (Hsieh et al. 2018) . Measuring radial inward motions would need full orbital modeling in the future (Paumard et al. 2004; Zhao et al. 2009 ). For scenario (3), it is possible to obtain extended molecular gas structures within 0.5 pc if a cloud with homogeneous density falls in from 26 pc towards an SMBH on a nearly radial orbit with non-vanishing angular momentum (Mapelli & Trani 2016) . In such a scenario, the infalling cloud is quickly disrupted by the SMBH, and the tidal force stretches the cloud to form a group of streamers within 2.5 × 10 5 yr. These streamers are then trapped by the SMBH and form two rings with radii of ∼0.4 pc and ∼2 pc, although the ring sizes and formation time may depend on the chosen parameters.
Yet an alternative interpretation is that the nuclear filaments have an inclination similar to the CND's, but their low projected velocities are sub-Keplerian due to radiation and thermal pressure. For a comparison, the molecular torus in the nuclear region of NGC 1068 is interpreted as a sub-Keplerian rotation because the derived enclosed mass is 10 times smaller than the observed black hole mass under Keplerian motion. Chan & Krolik (2017) found that a sub-Keplerian torus is able and required to survive mass loss for multiple orbits in the presence of strong radiation pressure. If the assumption of Keplerian motion is not valid, the nuclear filaments are possibly linked to and fed by the CND via gradual accretion or a cloud originating from the CND.
SUMMARY
We present an analysis of the molecular nuclear filaments within the central 0.5 pc of the GC. The wide-field ALMA and single-dish combined map enables us for the first time to probe the dynamical picture of the infall scenario connecting from the CND to the inner nuclear filaments. With our ALMA CS(7-6) map, we find that the nuclear filaments are rotating in the same sense as the CND, but have a nearly face-on geometry with an inclination angle of ∼ 10 • − 20 • . This is significantly different from the highly inclined CND. This result may suggest that the nuclear filaments and the CND were created during different passages of external clouds passing by Sgr A*.
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